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¢ Results indicatie ,
ude a rescue maneuver ig availa
can be nade into the CSM orbital

However, for out-of-plane launches of one degree of more there exists a

range of initial phase angles for which thf ig no rescue regardless of
FM apocynthion altitude. '

INTRODUCTION

A Drief investigation of Cuﬂ rescue of inactive LEM from lanur
orbit within degi el hs

d
in reference 1.,
into a
rexs were initiste
These

y causing a O“LuV until C3M is agaln in c

It ig the purpose of the present study to 1teﬂ5 ‘the

investigation of rafevence 1 to include the effects of these two oper-

“t‘onxl congtraints, namely, LEM orbit ellipticity and delay in rescue
n

STATEMENT OF Tilm FPRO

In gene nditions of the rescue problem the
hllpti cal M in & clear pericynthion ofb it with
relocity velocity which ' a
cond1+* ne

approach defline e

es a
o
e

contingency tim ?rom After
this launch no mors ma it}

must dntercept and rendezve rith the LY end retuwvn Lo earth fron the

LEM orbit.

Fe%cue mancuver used ovghout
4 delayed transfer used in
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is imponed since such trans:
ag shovn in nc

Eoployment of this r clliptiesl

readily from the circular re ; TEAN2VVErS bo,v

of dnitial relative slates Tor anch Lhe ve]oeamv allovan ontin
gency time did not allow coversge. One boundary existed b cause of the
velocity limit on the C3M ascending wmode; the other existed because of
the same limitation of the descending mode. Therefore, for any phase
angle and altitude combination that dossg not fall within this

zone, some attainable parking orbit exists to which the CSM can tn
in order to intercept the LEM within the allowable COﬂblPQCpr tiie.

=0

rbed in the event that CSM is out of
comnunluatwom, with both LI and earth
gequently unavore of the event., S
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The foregoing logic is perx
sight, and correspondingly outl
£ {ime of LEM Lift-off and is c

o
Q
Ol—b

wvould reguira a delay of the dnitiaticn of rescue w
was again in contact with U ““Tbn Thieg delay can vary
to onz hour for the noainal ueh delay would

usy bTe contingsn cy time by ths

SCOvE CE CALC

In this study CSM ig initially in an 80~niuilcal~mlle altitude ci

reu-
lar orbit and LEM is in an elliptical orbit vhere pericynthion sltitude
50,000 £t and apocynthion altitude may have a wvalue up to 160 nautical

miles. The relative angle between the orbital planes of the two gpace-
crafts is assumed to bz equal to or less than one degree. The impulsive
conic calculations used vo determine the rescue wanesuvers are Llimited by
a velocity allowance of 455 fps (no allowance is made Tor hjdc0U7°e guid-
ance corrections) and by a contingency time allowance of 10.5 hours. The
contingency time is assumed to begin with the termination of Lhe M
powerad launch and ends with rendezvous with the CSil,

Allowance is made for cilrcularizing alter reor

“"\_)

variation in veloclty requirements off th
Thus, a 11 vuriatlion may well occur in

maneuvers for any specific Apollo mission.
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The results of the cirvcular orbit st nort refex 3 T
reproduced in filgures?2 and 3 for the coplanar and 1~ ocut-~of-plane cases



1ship betvween
1 oand CS)

additiona ! wndcationa delsy
when CSM is orbiiing h). From thesc
results it appears that the comoni &LiOﬂS lelay, vhile increasing the

[
region of no rescue, does not create any severs res

i trictions to the
rescue problem,
Figures L and 5 contrast the rescue coverage Tor the situstions

arising when IEM can and cannot provide the circularizing impulse on the
ascent trajectories with a pericynthlion altitude of 50,000 feet. These
results include the communications delay. The regiong of rescue based
on the circular LM orbits study are also shown in these figures for
comparison with the elliptical cases. It is evident from this comparis
that rescue coverage is decreased considerably in the ellipticsl case.
That is, the LEM crew has a much higher probability of being rescued if
it ecan perform a second burn to circularize iis orbit. In fact, for the
1° out~of-plane elliptical orbit there is a range of initial phasc angles
(243° 1o 298°) ror which no rescus erists for all apocynthion ajtiu

v
considered., This phase ranze of 539 copresponds to a surfacc
Tim i 'T T minutes 1o au 8 ue“ﬂxnhle vhase relationship during
CSM orbitel period (122 6

Az in the circulsay

the anytine lauvnch sit

P}

is measured. f“om p“Plenithl (vumre tbc nom1p¢”
powered descent would have started) the resulting initial phase angle is
LE

-9.4° or 350.6° for a LEM apocynthion altitude of 80 nsutical miles. This
combination is seen to be covered in figure 3. For aborts after initiaticn
of the poz red aesc nt the initial phose engle would range from ~9.1

(350. 6° ) to +17. 0° (-343, OO) which are covered if The LEM can achieve an
apocynthion altitude of at least 20 nautical miles. The feasibility of
such rescue mancuvering is probably academic sincs the landing being
aborted, LEM may be assumed to have more fuel and life time than if it had
landed.

If the LEM burns outl with other than a zero value for flight path

angle, the true ancmaly of the resulting orbit is also non-zero. The
FPect of . s e I e S R MO .

effect having an initial true anomsly of +457 and -4 is showﬂ in

Tigures ( end T, respectively. It is seen that rescuc cover

Ltly.

Lidh ool

slig

Since the elliptical rescus study was based on a mancuver with an
intercept restricted to LEM orbital apses, it is conservative. In
figures 8 and 9 this method is comparcd with the unrestricted method for
circular I orbits. The shaded ares wvepresents valid maneuvers which
are not indicated by the restricted intercept meijoc. This suggests that
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CONCLUDING REMARKS

An extension of the problem of C8M rescue of the LEM reported in
reference 1 has been presented hevein for the LEM in an elliptical orbit.
Congideration of delay in CSM maneuvering due to lack of communications
wvhen CSM is behind the moon is also included. The study based on impul-
sive conic trajectory calculations indicates that by a careful choice of
apocvnthion altitude, LEM is covered for the anytime surface aborit situa-
tion if launch can be made into the CSM orbital plane., Asg the out-of-

plane is increaged to one degree, this complete covera

Tor s period of 17.7 wminut vy (34 ovbkitzl v ‘
cribed herein, the wmethod 7 L + yere obtained can be
vwtilized in a ground-based erations prograw to calculate a specific
rescue maneuver 1T a need i i 137 Lpollio wission.
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